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P reface and A cknovrD.ed cements 



Since the initial discovery that the human brain is a generator 
of electrical potentials, scientists have atterapted to relate aspects 
of these potentials to behavioural indices of human intellectual per- 
formance. This report documents pioneering evidence that individual 
differences in hiunan intelligence as measured by psychometric tests ^ are 
reflected in characteristic response patterns of the brain’s electrica- 

activity. 

The significant contribution of WoF. Barry, Ph.D., Head Department 
of Psychophysioloey, University of Ottawa in securing our s^ple and in 
psychologically evaluating "anomalous” subjects is acknov/ledged. we 
further acknov/ledge the contribution of Mr . E. Funke of the National 
Research Council of Canada in developing a unique and objective^ computer 
analysis of our brain response data. The assistance of J. ^ Ayspiansi^i, 
Ph.D., Associate Professor, Faculty of Psychology, University of Ottawa 
in the psychometric testing of the sample is acknowledged. We^also 
acknowledge the Ottawa Separate School Board for its co-operation in the 
provi.sion of our experimental sample. 
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Summary 



Past attempts to correlate elect rophysiologi cal variables v;ith 
behavioural indices of intelligence have been inconclusive. Research to 
date, hov;ever, suggests that the average evoked potential (AEP) recorded 
from the scalp of human subjects may reflect neural correlates of higher 
mental activity. The late components of the evoked potential are 
generally agreed to be the electrical signs of information processing in 
the brain. The speed of this process, measured by the latency of 
sequential AEP components, is hypothesized as an index of neurological 
efficiency and possibly the intelligence of an organism. The consequent 
hypothesis of a relation beWeen AEP latency and psychometric intelligence 
is supported by animal evidence and exploratory work vath humans. 

This report documents the existence of highly significant inverse 
correlations betv;een the latencies of sequential visual evoked potential 
components and IQ scores on three commonly used psychometric tests. 

The experimental sample comprised 317 male and 2.56 female primary 
school pupils randomly selected from the population of 780k children 
attending grades 2,3,4, 5,7 and 8in the thirty-nine schools of the Ottav^a 
Separate School system. 

Psychometric data from each subject comprised scores on the Wechsler 
Intelligence Scale for Children (V/ISC), the Primary Mental Abilities Test 
(PMA) and the Otis Quick-Scoring Mental Ability Test, 

All subjects v:ere also tested physiologically for detection of their 
visual average evoked potential from the right parietal sensori-raotor area 
of the brain, AEP*s in response to 400 randomly delivered bright light 
flashes in a 625 millisecond interval follov/ing stimulation v;ere extracted 
from scalp detected EEG, Computer analysis was performed to objectively 
identify components of the visual AEP, The latency of the first four 
sequential components (peaks) of each subject's visual AEP v;ere 'inter- 
correlated vdth all the psychometric measures of intelligence obtained. 

The major finding of this project is the observation of highly sig- 
nificant inverse correlations betv/een the latency of sequential components 
of the visual evoked potential and IQ scores on the ¥I3C, Otis and PMA 
tests of psychometric intelligence. High and lov; IQ subjects sho'v evolced 
potential waveforms that are unique and characteristically distinct from 
each other. These findings provide positive evidence in support of our 
general hypothesis of a relationship between the electrical responses of 
the human brain and behavioural indices of intelligence, 

A wealth of normative data on the visual average evoked potential and 
the three psychometric tests of intelligence used has also been obtained. 



These findings and the work \diich should follow them could have 
considerable educational significance, Knov/ledge of the "neural efficiency" 
of an individual could serve as an objective, culturally independent bio- 
logical assessment of mental potential useful in exploring possible racial 
differences in intelligence or v/herever standard psychometric tests are 
inadequate. 









Introduction 



Essentially, the findincs we present in this report indicate that 
there is a definite relationship between the electrical responses of 
the human brain and intelligence as defined and measured by psychonietric 

tests. 

In order to understand the nature of this work a fev; concepts 
regarding the electrical activity of the brain must be defined. The 
most important of these is the distinction between averap evoked 
potentials (AEP) and the noraial ongoing electrical activity of the 
brain referred to as the electroencephalogram (EFG). In all np'mal 
people, minute electrical currents are associated v.ith pe activity 
of the brain and are detectable frorn. the intact scalp vo.th modern 
electronic equipment. Apart from the voluminous clinical literature 
in v;hich various forms of brain pathology are related to the EEG, 
remarkably little is knovm about the functional significance of the 
electrical activi.ty of the human brain. In normal ppple the SEG 
shoves a wide range of amp3.itude and frequency variation, Ihe average 
amplitude output of various human brains can range from below 10 
microvolts to over 100 microvolts. The normal frequency spptrum of 
this EFG activity ranges from about 6 Hz (cycles per second) to GO Hz 
or more. Various frequency bands of the EEG have been assignp names, 
the most widely knovm being the "alpha rhythm", which is prominent 
near the visual area of the brain and is in the range of G - 12 Hz, 

Almost from the day that it v/as demonstrated by Hp«s Berger in 
1929 that it is possible to measure the electrical activity of the 
brain from the intact human scalp, attempts to relate \ariations in 
this activity to psychological variables was begun. There have been 
a number of studies dealing specifically v/ith EEG variables and huraan 
intelligence but to date the results of these studies have been pn- 
tradictory and inconclusive. Vogel and Broverman in a 1964 criticp- 
review (l) of the vmrld literature on the question of a relationshp 
between EEG variables and test intelligence report that such relation- 
ships are evident only in subjects who have relatively undeveloped 
intellectual function (feeble-minded children) or detepoi'ated^ 
intellectual function (brain damaged and institutionalized geriatric 
patients) and not in nonmal humans. 

It v/ould appear that only limited information canpe obtained from 
a standard visual analysis of the ongoing EEG. The main variables of 
the EEG that have been studied in relation p pspholopcal phenomena 
have been amplitude, frequency, phase relationships, diff pent areppf 
the brain and in particular the "alpha rhythm" all v.dth little positive 

payoff. 



In the early 1950’s, a major breakthrough in theptudy of human 
brain activity occurred v;ith the develcument of teclmiques for 
detecting average evoked potentials (AEP) from the intact scalp (2). 
Essentially evoked potentials can be defined as non-random changes in 
the electrical activity of the brain in response to sensory soimulpion. 
There is usually a train of evoked potentials or non— random electrical 
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events occurring thi'ou^,hout the brciin Efter presentntion of e li^iit 
flash, audible click or electric shock. But these evoked potentials are 
very small in ajivplitude and are mixed in vdth the ongoing EhG so that 
they cannot be seen with the usual methods of analysis. In order to 
extract these evoked potentials from the ongoing EhG fin electronic 
averaging device is reouired. The principle of any averaging technique 
is very simple. In order to extract a signal (the evoked potentials) 
from noise (the ongoing EEG) some features of the signal must be non-^ 
random. In this case the latency of the evoked potential components ^is 
non- random. In other words, when a stimulus is presented to the subject 
his brain responds electrically alv/a^fs at approximatel.y the same time 
after the stimulus; the ongoing EEG is mixed in with this response but 
is not re3.ated in time to the moment of stimulation. l}ie averaging 
device adds everything, the signal and the noise, but since the noise 
is not temporally related to the stj.mulus it averages tov;ards zero 
v/hile the signal which alvrays occurs at the same time adds up to some 
maxlraiun value representing the average evoked potential after a 
sufficient number of identical stimuli have oeen presented. In this 
v;ay average evoked potentials in response to a variety of discrete 
supra- threshold stimuli in any sense modality can be detected and 
studied. 



V/ith the recent vfidespread use of special purpose computers of 
average transients for the detection of average evoked potentials from, 
the himnan scalp a rich fund of research information has been obtained. 
The effects of various stimulus variables upon AEP paramieters together 
with inter— individual AEP differences and intra— subject AEP variations 
related to a variety of independent variables have all been v/ell 
documented (3>4). Parameters of the AEP have been^ found useM for 
differential diagnosis in psychiatry (5), for the identification of^ 
colour blind subjects (6), and for the diagnosis of hearing disability 

(7). 



Of even greater significance is the fact tha.t research to da.te 
suggests that the average evoked potential recorded fi'oin the scalp of 
human subjects may reflect the neural correlates of higher mental 
activity or information processing by the central nervous svstera. ^ 
Parameters of the AEP have been related to numerical problem solving 
(G), decision making (9)> the perceptual content of presented 
stimuli (lO). 



Our hypothesis of a possible relationship betv/ecn the average 
evoked potential and psychometric intelligence derived from the con- 
sensus that the late components of the evoked potential are the^ 
electrical sians of information processing or associative activity in 
the brain ( 11 , 12 ). From this it is reasonable to postulate that a 
biologically efficient organism shovad process information more rapidly 
than a less efficient organism and that the delay or latency of com- 
ponents of the evoked potential, could be a measure of the efficiency of 
this process. The hypothesis of a relation betv'een^ASP latency and 
psychometric intelli>gence is supported by animal evidence from noimal 
and cretinous i*ats (13) > A.EP data from hypothyroid patients (14) > ^nd by 
preliminary evidence from human subjects (15, lb), 'de nov; report data 



from a random sample of 573 primary school pupils v/hich shows a highl5'’ 
significant inverse correlation betv/een visual AEP sequential component 
latency and IQ scores from three commonly used psychometric tests, 
liigh and lov; IQ subjects shov/ visual evoked potential v/avefoims that 
are unique and characteristically distinct from each other. For the 
first time, a definite relationship between the electrical responses of 
the human brain and intelligence as defined and measured by standard 
IQ tests has been established. The scope, significance and potential 
applications of this finding are, we feel, virtually unlimited. 
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Methods 



The experimental sample in this project comprised 573 primary 
school pupils randomly selected from the population of children 

attending grades and 8 in the 39 schools of the Otta.v/a 

Separate School system. Samples of pupils from each of the six grades 
were randomly dravai independently, i.e. - 97 grade t-\7o pupils v;ere 
randomly selected from the population of 1709 grade tvra pupils in the 
39 schools; 92 grade three pupils from a population of 1259; 91 grade 
four pupils from a population of 1254; 92 grade five pupils from a 
population of 1227; 105 grade seven pupils from a population of 1207; 
and 96 grade eight pupils from a population of 1148. The w'orking sample 
of 573 pupils comprised 317 male and 256 female subjects vd.th the age 
distribution shovni in Figure 1 and IJechsler Intelligence Scale for 
Children (V.TISC) full scale IQ distribution shouai in Figure 2. 

Each subject was given three commonly used tests of p£ 3 ychoraetric 
intelligence: The Otis Quick-Scoring Mental Ability Test (alpha or 

beta); The Primary Mental Abilities Test (PKA) which provided individual 
ability quotients for verbal meaning, number facility, spatial relations, 
reasoning and/or perceptual speed as v;ell as an overall general 
intelligence quotient; and the individually administered V7echsler 
Intelligence Scale for Children (VTISC) which yielded scaled scores on 
eleven subtests (information, comprehension, arithmetic, similarities, 
vocabulary, digit span, picture completion, picture arrangement, block 
design, object assembly and coding) as v/ell as verbal, performance and 
full scale intelligence quotients. 

All subjects were tested physiologically for ejAraction of their 
visual average evoked potential. AEP’s from subjects in grades 2,4 and 
7 were obtained during January, February and March of 1967* AEP’s from 
subjects in grades 3,5 and 8 v;ere obtained during January, February and 
March of 1968. A random sample of 97 subjects from grades 2,4, and 7 
vrere also retested one year later to establish the long tern reliability 
of their visual average evoked potential. 

Evoked potential records v;ere obtained in the follovdng manner. 

The EEC of each subject v;as recorded from bipolar scalp contact 
electrodes 6 cm. apart over the light parietal sensor i-motor area, 
parallel vrith the nidline and astride C4 in the 10 ~ 20 international 
recording system (17) vith ground to the right earlobe (upv/ard deflection 
in reported data indicates negativity of the anterior electrode vdth 
respect to the posterior). Electrode impedances v;ere held below 5K olims. 
The raw EEO was amplified to the required voltage in a bandii.dth 3 db 
dovai at 5 snd 100 Hz and recorded on multi-channel FM magnetic tape 
together vdth trigger pulses corresponding to the onset of flash stimuli. 
Subjects sat vdth eyes open in a darkened shielded room fixating a spot 
on a reflecting screen five feet away. A photo-stimulator lamp v;as 
located above and behind the subject outside the room so that clicks 
from the lamp’s gas discharge tube v;ere not audible to subjects. Bright 
microsecond duration photic stimuli vrere delivered accoiding to a viniform 
stimulus interval distribution vrhich ranged from 800 to 1800 milliseconds 
(msec). Average evoked potentials in response to 400 stimuld in a 625 



5 



raseo interval following stimulation vfer® extracted frcm the EEG filtered 
6 db dowi at 3 and 50 by tv/o methods - conventional amplitude summation 
and zero-crossing analysis - using the Enhancetron ND-801 digital computer. 

Usxng the first method^ /4OO evoked responses of each subject were 
averaged in the amplitude suimnation manner by the Enhancetron (1024 
channels) in alternate res]X5nse sets of 200 and read out by XY recorder. 
Short-term reliability assessments of the average evoked potential and 
identification of its sequential components were made by visual cross- 
correlation from these graphs. 

To eliminate much of the subjectivity inherent in this method of 
AlP component identification and to statistically determine the presence 
or absence of AEP components a second zero-crossing analysis technique 
was employed (18,19). This method facilitated identification of low 
amplitude, high frequency and high synchrony components \diich are 
suppressed by the conventional amplitude suimnation method (20). The 
EEG of each subject was converted to pulses corresponding to baseline 
crossings where the EEG waveform passed from positive to negative 
voltage. A distribution of zero-ci'ossing occurrences against time 
following 400 stimuli (Figure 3B) was made by the Enhancetron using its 
multichannel scaling mode across 64 channels. 

^ test for the statistical presence of non-random AEP components 
(significantly large or small zero-crossing occurrences) the chi square 
test was used. It is theoretically expected and has been experimentally 
demonstrated (1?) that under non-stiiTiulated conditions the probability 
of an EEG zero-crossing occurrence is equal in any given period of time. 
Thus if no evoked potential components v/ere present v:e v/ould theoretically 
expect an equal number of zero-crossing counts in all 64 channels. The 
chi square test v;as used to identify divergence from this expectancy at 
any specified level of probability. Using this test the number of zero- 
crossing channel counts above or belov; the mean count needed to identify 
a non-random AEP component at the 1 and levels of probability was 
determined. If the number of zero-crossing counts in any channel vfas 
greater or less than these specified values a statistically significant 
event (evoked potential component) v;as considered to be present. Those 
events were labelled in sequence El, E2, E3 and E/|.. Each event so 
identified corresponded in tune to the zero— crossing of the average 
evoked potential obtained by amplitude summation of the EEG (Figure 3A). 

A detailed description of the precise AEP component D.dentification 
decision making procedure used is given in Appendices . To gain time 
resolution (625 msec/1024 compared to 625 msec/64), the amplitude 
sujnmatcd peak preceding or follovdng each significant zero-crossing 
event was labelled and its latency from stimulus onset measured vdth an 
error of measurement estimated to be plus or minus 3 msec. 

I he latency of the first four sequential evoked potential components 
detected I'^ere intercorrelated vdth all the psychometric measures of 
intellipnce obtained using the Pearson r correlation coefficient across 
the entire sample of 573 subjects. The sample vras also divided into 
fast, average and slovr responding groups on the basis of the latency of 
the third sequential AEP component (E3) and t tests were performed to 
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detemdne possible IQ differences betv/een these groups. I'urther, the 
sainnle was* divided into high, average and low IQ groups on the basis 
' of iflSC full scale IQ and t tests v/ere performed to determine possible 

AEP component latency differences between these groups. 
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P.3 suits and Findings 



This section of our report vail be divdded into a presentation of 
physiological results, psychometric results and finally^ findings showing 
a relationship betv/ecn the physiological and psychometric, variables. 

Without exception, all 573 sub.iccts in our experimental sample^ 
produced charact elastic and measurable 'visual average evoked potentials 
from the right parietal sensori -motor area in response to 400 photic 
stimiuli . 



These potentials v;ere found by visual inspection of their waveforms 
to have extremely high short-term reliability. That is the visual AEP 
in response to 200 odd numbered sequential photic stimuli vias virtually 
identical in waveform to the AEP evoked by 200 even numbered sequential 
photic stimuli. The long-tem reliability of the visual AEP was 
examined by retesting 97 subjects after a tv/elve month interval. Visual 
inspection of these first and second year wstveforms indicated^ as might 
be expected that the long-term reliabiD.ity of the visual AEP is not as 
himh as the short-term reliability due principally to the variable 
amplitude and phase of low frequency components occurring after 250 msec 
from stimulus onset. The latency of sequential visual AEP components 
occurring in the first 250 msec a.fter stimulation v^as, hov/ever, stable 
over the tv/elve month period so that the same sequential components 
v;ere identified and labelled on both occasions. Specimen data is 
presented in Figure 4 and 5. This long-tenr; stability of visual AEP 
component latencies was also demonstrated by data from one subjection 
101 days across a ten month period. The follovdng standard deviations 
for the latency of the first four sequential visual AEP components were 
obtained for this subject: El - 4.1 msec; E2 - 3.9 msec; L3 "• 4.7 msec; 

E4 - 9.7 msec. Our findings regarding the short and long term 
reliability of avera?^>a evoked potentials are supported by work in other 
laboratories (21,22). 



No developmental changes in the latency of visual AEP components 
were observed. The latency of sequential visual AEP components bore no 
relation to age in our experimental sample v;hich showed an age range 
from to 1B8 months, Pearson r correlation coefficients betvfeen age 
and the latency of the first four sequential AEP components El, E2, E3 
and FA were all insignificant across the entire sample (Table 1). 
Further, an analysis of variance revealed that neither age nor ^ the 
interaction betv/een age and psychometric intelligence made a significant 
contribution to the variaba^lity in the latency of AEP components. 



Mo significant sex differences vrere noted in the latency of 
sequential visual AEP components. Males and females, for example, 
showed mean E3 latencies that differed insignificantly by only 1,26 'msec. 



Visual average evoked potential component latency statistics for 
the entire sample of 573 subjects vrere as follows: El, the first^AEP 

component shovrcd a mean latency of 32.84 msec •V'dth a standard devdation 
of 13.57 and a range from 15 to 90 msec; E2, the second sequential A.p 
component shov/ed a mean latency of 77.08 msec v/ith a standard deviation 
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of 15.82 and a range from 35 to 175 msec; E3, the third sequential 
comnonent showed a mean latency of 119.58 msec vdth a standard deviation 
of 26.70 and a range from 70 to 250 msec; and the fourth sequential 
component showed a mean latency of 187.37 msec v/ith standard deviation 
of 45.05 and a range from 90 to 430 msec. The latencies of these four 
sequential AEP components are all positively and significantly inter- 
correlated. Intercorrelations betv/een ad.jacent components range from 
.59 to .83 and are higher than intercorrelations betvreen non-ad.jacent 
components which range from .34 to .65 (Table l). These sequential 
AEP component latency intercorrelations are, however, not so high as to 
preclude the possibility that each component of the visual AEP represents 
a distinct phase in the processing of infonnation by the human brain. It 
is knovm that the latency and amplitude of visual AEP com.ponents can be 
selectively influenced by the form of the stimulus presented (10) and by 
the effects of a variety of pharmacological agents (23). 

The distribution of the latency of the third sequential visual AliP 
component E3 for the entire sample of 573 subjects is given in Figure 4. 
It is readily apparent that the E3 latency variable does not conform to 
the normal distribution but appears rather to be tri-modally distributed 
with a clustering of values below 100 msec, a second major clustering 
bet\ieen 100 and 140 msec and a third clustering above 140 msec. The 
foi^m of this distribution may be attributed simply to the method of ASP 
component identification or it may in fact reflect genuine important 
differences in the functioning of individual human brains. 



V.Tiile a wealth of psychometric data has accrued from this project 
vdiich may be most useful to educators and resecirch workers specifically 
interested in the field, v;e vrauld prefer to keep our coJments on these 
data to a minimum concentrating rather on the physiological findings and 
their relationship to the psychometric variables measured. 



As one v/ould expect, psychometric intelligence (IQ) is normally 
distributed in our sample of 573 prim.ary school pupils (Figure 2). *^he^ 

three principal measures of psychometric intel.ligence used are all highly 
inter correlated. The V/echsler Intelligence Scale for Children full scale 
IQ bears a .61 correlation vrith the Otis IQ and a .66 correlation wdth 
the Primary Mental. Abilities total IQ V7hich in turn correlates .75 V7ith 
the Otis IQ. These estimates of concurrent validity compare favourably^ 
v/ith published findings on this subject. Various subtest interoorrelations 
are presented in Tables 1 and 2 v/ithout comment. 



The small but significant inverse correlation betv/een age and VOiSC 
IQ can be accounted for by our procedure of sampling by grade ana the 
selective academic failure of older low IQ subjects at a given giade 
level. 



The major and most significant finding of this project is the 
observation of a relationship betv/een the electrical activity of the 
human brain and intelligence as measured by standard IQ tests, lore 
particularly v/e have observed highly signal icant inverse correlations 
betv/een the latency of sequential components of the visual average 
evoked potential and IQ scores on the Ivechsler Intelligence Scale for 
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With N of 566 Pearson r coefficients of .16 are significant at p.OOOl level 



Child ran (V/ISC)^, the Otis Tost of Kental Ability and the Pilinary >tental 
Abilitios test (PHA) (Table 1 and 2). Those correlations range in 
magnitude fTOm .10 (betv/een El and PJ^A total IQ) to .35 (betv/een E3 and 
Wise full scale IQ). It would appear that the electro physiological 
measures are related to some common factor tapped by all the inter- 
correlated psychometric tests. The correlations of every psychometric 
test and its subtosts are higher with the late components (E3 and E4) 
of the AEP th€ar \*fith the early components (El and E2), vdth E3 bearing 
the highest correlations of all four components. In viev; of the large 
sample used to generate these correlations and the large number of 
individual estimates of psychometric intelligence taken, it is highly 
improbable that such a trend coul.d be due to chance. Further, this 
obser'vation accoiTls well v/ith the generally accepted position that the 
late components of the AEP are reflections of higher mental activity. 

While the AEP component latency - IQ intercorrelations are not 
large they are nevertheless highly significant statistically. When 
investigating a theoretical problem and/or attempting to relate variables 
in the psychological domain to variables in the physiological domain, it 
can be argued that even very sma31 coi'relations, if statistically sig- 
nificant, could be indicative of a fundamental lav/, V/e feel that such 
is .the case with the present findings. It is our contention that the 
latency of sequential components of the visual AEP is an index of neuro- 
logical efficiency v/hich manifests itself differentially in standardised 
estimates of intelligent behaviour (IQ scores). 

The relative magnitude of the latency - IQ intercorrelations can 
perhaps be explained by the non-normal distribution of AEP latencies 
and the somewhat questionable reliability and validity of IQ scores at 
the individual subject level (52 subjects showed IQ differences betv/een 
the V/TSC and PMA tests v/hich exceeded 20 points), V/e have conseouently 
further tested the relationship between AEP latency and IQ vrlth t tests 
across groups of subjects divided on the basis of E3 latency and WISC 
IQ (Tables 3 and 4). There can be no doubt that fast E3 latency subjects 
show higher WISC IQ’s than average or slov/ latency subjects. Alternately 
hi.gh V/ISC IQ subjects shov/ shorter E3 latencies than avei'age or lov/ IQ 
subjects. 

Specimen AEP v/aveforrns for ten high and ten lov/ IQ subjects are 
shovni in Figure S, Even without latency measurements it is evident that 
these tv/o sets of waveforms are different in configuration. The high IQ 
subjects shov/ high frequency early components in the first 100 msec v/hich 
are not present in the AEP's of the lov/ IQ subjects. V/e are presently 
v/orking on the development of a computer pattern recognition technique 
v/hich should obviate the measurement of AEP component latency and in turn 
identify high, average and lov/ IQ subjects simipiy by the configuration of 
their AEP waveforms. 

It is kno’.m that a large num.ber of variables affect the v/aveformi of 
the visual AEP particularly in the amplitude domin (24 )• The inter- 
individual AEP component latency differences noted in our sample, hov/ever 
are miuch greater than any latency changes attributable to variables such 
as attention, arousal level, pupil diameter, etc. It v/ns impossible to 
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control all potentially interfering variables in this study but it is 
highly unlikely thit the observed relationship between vi.sual AEP 
component latency and psychometric intelligence couM be attributed to 
any of these uncontrolled variables. 

Figure 7 shows the distribution of high, average and low WISC IQ 
subjects for each value of E3 AEP latency. This figure provides for 
the identification of "anomalous" subjects, i.e. - subjects whose 
performance on the IQ test does not accord with their AEP latency as 
predicted by the inverse relationship between these variables observed 
across the entire sample. AEP latency vras assumed to be a fixed 
physiological measurement v;hich should predict IQ, a measure known to 
vary across testing occasions. V/ith this in mind we classified the 
entire sample into six groups of "anomalous" subjects as follov/s: a) 

five subjects v;hose AEP E3 latency was faster than 100 msec but whose 
WISC IQ vras below 91; b) seventy-eight subjects v;hose E3 latency v/as 
faster than 100 msec but v;ho shov;ed ^'TESC IQ's in the average range (92 
-llS); c) one subject v/hose E3 latency was longer than lAO msec but 
who shov;ed a WISC IQ above 119; d) forty-two subjects v;hose E3 latency 
was longer than 140 msec but who showed WISC IQ's in the average range; 
e) forty-five subjects whose E3 latency v/as in the average range (100 - 
140 msec") but v;ho shov;ed WISC IQ's of 91 or less; and f) forty-six 
subjects whose E3 latency was in the average range but v:ho shov/ed V/ISC 
IQ's of 119 or higher. In all, 217 subjects or of our sample were 

classified as "anomalous". One hundred and twenty-eight of these v;ere, 
hovrever, termed "acceptable anomalies", i.e, - subjects whose IQ per- 
formance v;as lower than v;ould be expected on the basis of their AEP 
latency. Examination of the protocols of these subjects revealed a 
high percentage of children v;ith obvious English language deficiency 
which undoubtedly lov;ered their IQ's on the psychometric tests used. 
Fifty-seven of these subjects were retested using the Raven Progressive 
Matrices and the Goodenougb Drav;-A-Man Test, tvro estimates of intelligence 
presumed to be "culture free". Twenty-eight of these children demonstrated 
higher intellectual capabilities on the language-free retesting and 'were 
consequently reclassified as "non-anomalous". Their psychometric estimate 
of intelligence v;as nov; congruent vath their AEP latency. The rem:aining 
tv/enty-nine subjects did not shov/ a significant increase in IQ estimate 
on the language-free retesting. Nineteen of these children, hovrever, v;ere 
Italian born and were being reared in a deprived socio-economic climate. 
Discussions with their teachers emphasized the fact that all of these 
children manifested anti-intellectual attitudes and had little orientation 
tov;ard abstract problem solving sets and situations. Perhaps the dis- 
crepancy betvreen their AEP latency and psychometric intelligence points 
to a biological Intelligence potential which has not as yet found any 
channel of expressive behaviour. Eighty-nine subjects or fifteen percent 
of the sample were classified as "non-acceptable anomalJes" i.e, subjects 
whose psychometric IQ was higher than v;ould be exrected on the basis of 
their AEP latency. Only one of these subjects vdth an E3 latency of 145 
msec and a V/ISC IQ of above 119 could be considered seriously anomalous, 

VJe intend to proceed with a longitudinal follow^-up of these "non-acceptable 
anomalies" in search of a possible explanation of their AEP latency - IQ 
discrepancy . 
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Conclusions and HocoTp.TOnd at ions 



V/e are confident that our data has clearly demonstrated for the 
first time the existence of a relationship between the electrical 
responses of the human brain and intelligence as measured by standard 
psychometric tests. The importance of this relationship v/ill be judged 
by the research it generates, and by acceptance of the concept of neural 
efficiency. Cross-validation by independent investigators is immediately 
suggested and is in fact in progress at three different laboratories. 

The study has also provj.ded a v;ealth of normative data on the 
visual evoked potential and three v;idely used psychometric tests of 
intelligence from a random representative sample of primary school 
pupils. A unique additional accomplishment is the development of a 
computer prograra for objectively analysing and measuring evoked potentials 
(appendix I). 



Despite the size of our sample and the statistical significance of 
our findings we v/ould suggest that these results be considered only as 
the first step in identifying the electro physiological correlates of 
human intelligence. The next obvious steps should be the exploration of 
evoked potentials from a variety of unique cortical areas in response to 
auditory and somatic stimuli in relation to psychometric intelligence. 

It may be possible to develop a composite index of "neural efficiency" 
based on evoked potential data from a variety of cortical areas and in 
response to stimuli in three modalities. An exploration of the relative 
predictive efficiency of evoked potential latency as opposed to psycho- 
metric IQ in forecasting academic achievement and other accepted criteria 
of intelligent behavj.our should be undertaken. 

In the long ram, our present findings and the work v/hich should 
follow them could have considerable educational significance. Knovdedge 
of the "neural efficiency" of an individual could be useful as an 
objective, culturally independent biological assessment of mental potential. 
Such admeasurement could be made at any age even intra-uterine. Questions 
of racial differences in intelligence could be approached and possibly 
resolved by this method. Standard IQ tests v;ould not be replaced by this 
method but v^ould be supplemented by it especially in cases of language 
difficulty, psychological problems or under any conditions v;here standard 
IQ tests are inva,lid. From here on the theoretical development and pra- 
gmatic exploitation of our findings are limited only by time, funding and 
the justified skepticism of a small segment of the scientific community. 
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Appendix I 



Development of a Digital Data Acquisition and Computer Based 
Analysis Facility for Electroencephalographic Data. 



^ ® Introduction 



The analysis potential of currently available laboratory 
instrumentation for bio-medical research is restricted to a limited 
number of special purpose functions. They do not lend themselves 
readily to the exploration of more sophisticated analysis procedures 
either because of limited storage, restricted logical capability or 
insufficient speed. It v;as therefore considered desirable to 
develop a digital data acquisition and analysis facility xvhich vrauld 
allov: us to take advantage of available large scale digital computers. 

The digital data acquisition system v;as to include an analog to 
digital, converter vrith two input channels. Recording v;as to be 
carried out on digital magnetic tape with conservative perforrriance 
requirements in order to ensure reliable operation. 

The data analysis facility was to consist of various programs 
for the formatting of the digital data and for their analysis by 
means of a variety of statistical procedures. The ultimate aim 
vrauld be the elimination of all visual interpretations of data by 
specialised personnel and the optimisation of identification stra- 
tegies vdth respect to the research objectives. The PHASE IV C 
program currently under development is an attempt in this direction 
(see Appendix II), 



It \ms considered. essential to develop this facility in stages 
so that the investigator would never lose contact v/ith the physical 
significa.nce of the data and consequently establish confidence in a 
new tool. For example, it was considered desirable to provide a 
computer print-out that would resemble familiar graphical represen- 
tations of data. 



The progress report contained herein, attempts to describe in 
summary foi'm the current status of the facility in section 2,0, In 
section 3. a suimnary description of the sequence of events over the 
past year leading to the present status of the facility is given. 

All pix)graros are in an advanced state of detailed documentation. 
Finalisation is av/aiting completion of the final processing of 30 
subjects that are nov; transcribed on digital tape. However, for the 
convenience of other interested users v/ho are supported by the U.S. 
Office of Education, these voluminous documents c.an be made available 
on request. 

The time schedule for the development of the facil.ity has 
slipped very badl^-^. The initial delays of the equinment delivery 
\rere compounded because of replacement of the TDK 360-40 computer 
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at the University of Otta\;a to a model 3^0-65 . The transfer of 
pror;ran'ming assistants v^ho participated in the earlier stages of 
the program also contributed to the delay. 

As a consequence of the delays, we do not have a sufficient 
analysis of data by digital methods, Hov/ever, we are including an 
example print”Out of the PHASE IV A analysis that illustrates the 
output from this progran (see Appendix III). 

2.1 Summary Description of the PHASE III Program for the Conversion of 
Digital Data from 7~Track to 9~Track Tape 

This program accepts data recorded on 7*“track 200 BPI, odd 
parity magnetic tape v/hich is generated on the data acquisition s 
system described in 2,0, and contains one or more files per reel. 

Each file consists of a header record that is followed by an 
arbitrary number of data records, each separated by an inter-record 
gap. The header record contains information on the file length and 
the format of the data characters. 

The PHASE III program accepts also one pair of punched cards 
for each data channel that is digitised by the data acquisition 
system. The information contained on these cards is used to verify 
the tape header and to extend the header v/ith infornmtion about the 
subject name, sex, age and other key data. 

On reading and identifying a tape header the PHASE III prograjn 
will demultip].ex the data and add 32 or 204S to each data point ^ 
depending on the recording format being in the 6-BIT or the 12~BIT^ 
mode respectively. The resulting data are then recorded on 9‘”tracic, 

800 BPI tape using the 12 or the 14 fomat. The data are blocked 
up to 10 records per block and the tape is preceded by a labeled 
file. 

2.2 Summary Description of the PHASE IV A Program 

The PHASE IV A program accepts data from a 9-track digital- 
magnetic-tape-recording generated by the PHASE III program described 
in section 2,1. The program is equipped to accept data unconditionally 
from the input tape or to select a specific subject on the basis of: 

- Identification Code 

- Sex 

- Age 

- Grade 

- Filter Type 

- IQ Score 

Follovdng the reading of the data, the program vdll^pi'oprocess 
these by removing the bias and converting to floating point. 
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The follovdng analysis vdll then be executed: 

For convo’nioncG of nototion lot tho Ith dats point in thG Jth 
block bG X j ( I ) whGTG J”lj»»»}N» This subroutinG 

will perform the following calculations on N blocks of data, 
each containing M data points, which are read from a magnetic 
disc associated with device code number 12. 

1) An amplitude average for back data point in a block over 
the N data blocks is calculated and stored in array XAV 



2) The standard deviation from the mean is stored in array 
SIG 



3) The upper limit of the confidence interval over two 
standard deviations will be stored in array ALIM 



4) The average upper limit of the confidence interval is 
computed from 



5) Array EXAMP indicates when, and if so, by how much an 
average amplitude exceeds the confidence limits It is 
computed from 



6) The mean value of the average of the amplitude is found 



where 




SIG(J) = 




[Xj(j) - XAV(J)]^ for J=1,...,M 



ALIM(J) = 2*SIG(J)//Ff for J=1 



^ • e • ) M 



ALIMAV -is ALIM(J) 
^ J=1 



EXAMP(J) = 2>'-XAV(j)/ALIMAV when |x/vV(j)| > ALIMAV 



= 0 otherwise for J=1,...,M 
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Tho RMS-valuo of tho amplitude averages is computed from 



XAVRMS = 



1 ^ 9 

1 C [xav(j)]2 

^ J=1 



A count of the number of zero crossings is stored in 
array H(j) A zero crossing has occurred 

at* the instance J 



•if sign (Xj(j)) is positive and sign (Xj(j-i-l)) is negative 
and if [Xj(j) + Xj(j+1)] > 0 

else the zero crossing occurred at the instance J^-l. 

The mean count of zero crossings is computed from 

I 

1 ^ 

HAV = i S H(J) 

J=1 

A smoothed zero crossing histogram) using the weights 
ALPOjALPl )ALP2,ALP3 as provided by the calling program) • 
is stoi'ed in array HS where 

HS(J) = 0 J=1)2,3)M-2)M-1)M 

HS(J) = [ALP3*(h(J-3) + H(J+3)) + 

ALP2X-(H(J-2) + H(j+2)) + 

ALP1*(H(J-1) + H(J+1)) + 

ALP0*H(J)]/2(ALP3+ALP2+ALP1) + AI.PO) 

Array EXZERO indicates when the smoothed zero crossing 
histogram exceeds the 95^ and 99^ confidence limit. 

EXZERO is determined as follows 

EXZERO(J) = + 95. if HS(J) - HAV > ^1 . 92*HAV 

= + 990. if HS(J) - HAV >’ y s.Sl-x-HAV 

= - 95. if HS(J) -• HAV i -A . 92*HAV 

= - 990. if HS(J) •• HAV ^ v"3731*HAV 

= 0 everyvyhere else 

for «J — 5^5 • • • jM”3» 

EXZERO(J) = 0 for J=1 ,2) 3)M-2 ;M-1 )M 

$ 

A count of the number of peaks is stored in array 
HP(j), J=1,...,M. A peak has occurred if 

Sign {Xj(j'l) Xj(j-2)] is positive and 
Sign (Xj(j) - Xj(j-l)j i s negative^ 
and v/ill be counted at the instance J-l. 



13) The moan count of peaks is computed from 

HPAV = h HP(J) 

^ J=1 

14) A smoothed peak occurrence histogram, using the 
weights BETO, BETl , BBT2 , BET3 as provided by the calling 
program, is stored in array HPS where 

HPS(J) =0 J = 1,2,3,M-2,M-1,M 

HPS(J) = [BET3*(HP{j-3) + HP(j+3)) + 

BET2*(HP{j-2) + HP(j+2)) + 

BET].*(HP(J-1) ^ HP(J+1)) + 

BETO* HP(j)]/(2(BET3 + BET2 + BETl) + BETO) 

15) Array EXPK indicates when the smoothed peak occurrence 

■ histogram exceeds the 95^ and 99?^ confidence limit and • 
is determined from 

EXRK(J) = + 95. if HPS(J) - HPAV 2 Vl .'92*HPAV 

= + 990. if HPS(j) •• HPAV ^ ,/ 3.31*HPAV 

= - 95. if HPS(j) - HPAV ^ -A . 92*HPAV 

= - 990. if HPS(j) - HPAV ^ -/^1*HPAV 

= 0 everywhere else 
for J=4,5, . . . ,M-3 
EXPK(J) = 0 for J=1,2,3,M-2,M-1,M. 

16) Elements of the array XAV from XAV(JL) to XAV(JH) are 
Fourier transformed. The amplitude and phase of this 
transform from frequency f = FL to f = FH Hz is 
calculated and stored in arrays AFSQR and PHI 
respectively. The phase calculation allows for the 
fact that the specified JL may be greater than 1. An 
array FRQ is generated, which contains the frequencies 
at which amplitude and phase have been calculated. The 
quantities that are generated as described above are 
communicated to subroutine HEADPR through the labelled 
common/PRINT/o 



1 



3.0 Evolution Chart for the Development of a Digital Data 

Acquisition System and a Digital Data Processing Facility 
on Large Computers. U.S.O.E. Project No. 6-1545 



DATE 



Start 



Finish 



Link 



Sept. 1. 1968 E.R.F. 



Job Description 



Remarks 



Jan. 15 



Sep. 2 



Sep. 18 



Jul. *67 



Aug. *67 
Jan. *68 
Mar. 22 *68 

Sep. 18 *67 

Sep. 26 *67 



Jan. *68 Mar. 8 *68 



Jul. *67 



Jan. *68 



Dec. *67 



Jul. *68 
Apr . * 68 



May Jun. *68 



h 



Specifications for Digital Data 
Acquisition System and Request for 
Quotation 



Issue of Purchase Order 

■L 



Test tape submitted by Mnfctr. 



jSystem delivered, installed, checked- 
^ ^jout and accepted 



Specification of Phase III Program for 
the conversion of 7- track to 9- track tape 



Implementation of Phase III Progr . by 
IBM system engineer, on Univ. of Ottawa 
360 -MOD. 40. 

I 

</ 



Check-Out of Phase III Program on IBM j J 
360-M O D. 65 at Pep, of Revenue j ^ 



development of a Pseudo-Random Pulse 
generator Compatible with System 
.Specifications. 



Aquisition of EEC Data on Analog Tape, 

- ' ' 



Off-Line Translation of Preliminary 
~^|rest Cases on 7- track tape 






^ this time the 
universities 360-40 
was being replaced ; 
by a 360-65. The 
IBM systm. engineer 
|who developed the 
Phase III program 
^had been trans- 
^f erred and the com- 
jputing centre /■ - 
decided' agal'nst 
, maintaining 7- track 
input contrary to 
initial agreement 



Conversion of one reel of 7- track to 
,9 " track tape 




At this stage other 
computer facilities 
|had to be used 
because 7- track 
service was no 
longer available at 
the U. of Ottawa. 
|This lead to 
[various delays and 
complications. 
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DATE 

Start I Finish 



Link 



Job Description 



Remarks 



Sep, *67 

Dec, *67 
Nov, *67 

Nov, 'Jan, *68 

Nov, *67 Jan, 5 *68 



Jan, Feb, *68 



Feb, June *68 

Jun, Sep, 15* 



Aug, *68 



Sep, 20* 



<A) 






'Specification of General Purpose Sub- 
jprogram for Digital Filtering via Fast 
jF our i er J^anf orm , 






’implementation in Fortran & Check-out 
on IBM 360-50 at NRC, 



’s^cification of General Purpose Sub- 
program for Graphically Enhanced Print- 

lout 



- ^ 

Implementation in Fortran and Check-out 

on IBM 360-50 at NRC , 



i Specification of Phase IV A Program for 
the Preliminary Analysis of EEG Data from 
9- track tape. This program provides for 
'amplitude averaging, peak and zero-cross 
'counting, statistical exceedance calcula- 
jtion and fourier transform of average 
evoked response, 

3 ; 



^Implementation of Phase IV A Program on 



IBM 360-50 at NRC, 



.‘k 



!che ck-out of Phase I V A at NRC, j 

'Trans fer of the operational Phase IV A 
— 'program to the University of Ottawa 
I BM 360- 6 5 






jbff-line translation of '30 subjects to 
7- track digital mag, tape 

fConversion from 7 to 9- track tape at 
'University of Ottawa 360-65 



s 



|This unusual delay 
is a consequence 
of a variety of 
technical and 
personnel factors. 
During this inter- 
val the university 
CCMP, CNTR, also 
reversed a deci- / 
sion not to pro- 
vide 7- track tape 
service. This 
service is now 
l^vailable, 
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Date 
Srtart 1 Finish 



Sep. 23* 



Jul.lO 



Sep, 2 
Oct.l* 



Oct.l* 



Sep. 24* 
Sep. 27* 

Aug. 30 

Sep. 27* 

Oct, 5* 
Oct. 8* 

Nov.** 



Link 



Job Description 







Analysis of Program by Phase IV A 
Progr am at University of Ottawa 

|¥va luati^ of Results from Analysis"] 



Specification of Phase IV C Program 
for the Identification of Significant 
Latencies by a Two Level Strategy. 



Implementation on IBM 360-50 at 
NRG 



'.Analysis of 
jout 






Data and Program Check-- 



Evaluation of Results 



.-^Transfer of Phase IV C Program to 
University of Ottawa 360-65 



Remarks 



estimate, ** guess 
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APPEK'DIX II 



SPECIPICATI01I8 FOR THE PHASE IV C PROGRAM 



FOR THE ANALYSIS OF ATilRAGE EVOKED RESPONSES OF THE E>X1 



Submitted by E.R. Funke 



1 . 0 Introduction 

The program described here is an extension of prev5.ous computer 
programming and analysis that was executed. It is the first attempt to 
formalise the identification of significant peaks of the average evoked 
response, an operation that was heretofore restricted to visual interpretation 
by specialists. 

The strategy for the identification of significant peaks described 
here follov;s an analysis of the rav; data similar to that performed by the 
PHASE IV A program. This analysis is described in the text belovj but reference 
to the PHASE IV A program description should be made when necessary, 

2 • 0 Conversion of D ata Prior to Analysis 

The data are recorded initially in the volt region, they are 
then aiTiplified by an amplification factor, C, v/hich is contained in the header 
record preceding the data. This amplification brings the data up into the 
volt region compatible v/ith analog magnetic tape recording requirements, which 
is approximately 3 volts peak to peak, 

Qi play-back the analog magnetic tape recording may have to be 
filtered and slightly attenuated. The filtering operation must al'ways include 
an adequate high pass cut-off in order to e3.iminate all d,c,-bias from the 
signal* The attenuation on the other hand is to bring the filtered signal 

4 - . 

into the „1 volt range of the converter (i,eo 2 volt peak to peak) and the 
attenuation constant, AT, should be contained in the header record. 
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The converted analos samples are then recoixled on 7 - track 
digital magnetic tape either in the 6~bit or the 12-bit format. The particular 
choice of format is also spocified in the header recoixl and is IF = 1 or 
IF = 2 respectively. The PHASE III program converts data from 7 to 9 track 
tape and during this process, formats the data to be Fortran compatible. An 
off-set, K , is also introduced at this point in order to conserve tape 
storage requirements. 

The particular requirements of this program do not necessitate 
scaling of amplitude values. However, conversion to REAL format vdll be 
convenient to avoid overflow during data analysis. 

The analog to digital converter vrill bo set to sample the continuous 
analog record at the rate of once every 2 mllli second. However, for the 

i 

purpose of this analysis only every third data sample vrill be required. 
Therefore the samples used in this analysis are spaced by 6 milliseconds in 
real time and the program must therefore set A T = 6.0 . 

The follovang preprocessing vrill be required: If IX^(JJ) is the 

JJ th sample in the ith record of an experiment, then 

X. (J) = I'A (3» J - 1) - K 

for J = 1, 2, 3 , Int 

where M are the number of samples per record 
as specified by the data header and 
K is the off-set which is 
= 32 for fonnat IF = 1 and 
= 2048 for format IF = 2 

3 . 0 General Structure of the Phase IV C Progra.m 

The Phase IV C program should be structured generally as the 
Phase IV A program except for the intermediate data storage on disk. All 
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other features of selective tape search and header print-out of the Phase IV A 
must be preserved. Intermediate data storage will not be required here as the 
follovdng data analysis demands no more than ono access to the data. 

Data Analysis for Phas e IV C. 

After preprocessing the data will be available in H blocks of 



Intll 



Jlwords each and vdll be in RKAL format. X,(J) will be defined as the 

,th element in the i^'^ recoid for J = Intgjand i = 1,2,3,... N. 

Tlie followinf; connputations vdll be performed. 

1^,1 The Amplitude Average (Average Evoked Response) 



XAV(J) 



N / 

i=l 



X^(J) 



1^,2 The I-iean Value of the Amplitijd e kyera^e 

For DM = Int {m/3*\ 

^ DM -N 

compute: f y XAV(J)\ . _JL 

J K 

J"1 



XAVAV = 



volts 



where K ~ 



~ 32 computer units per volt for format 

- 2048 for format IF = 2 as specifiea in the headcx 

record. 



This mean value of the amplitude average is included in the analysis 
mainly for the purpose of a check on adequate high pass filteidng prior to 
conversion as this mean value should bo reasonably close to zero. 

If this mean value must bo interpreted in terms of micro \o-tv. 
any reason, then the print-out should be divided by the factor (ATv«o) wnere 
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AT is the attenuation factor and C is the amplification factor as contained 
in the header record. 

A- • 3 Zero Crossinn; Calculations 

A zero crossing is defined as the event of a change of sign of the 
continuous variable X^(t) in a negative going direction. Because of the time 
discrete representation of the continuous variable vie shall define the zero 
crossing as follows; 

A zero-crossing has occurred 

IF SIGN (X^(J)) = positive and SIGN (X^(jl-l)) = negative. This 
crossing is counted at the instance J 

IF -h Xp+1^ > 0, 

otherv^ise it is counted at the instance J+1. 

These tests are performed on all the data X^(j). All events of 
zero crossings are counted in the array C^(j). From this one may calculate 
the frequency of occurrence histogram: 



\(J) “ 

for i “ 1,2,3 . . . . .N 



which is equivalent to 



pJS.\ 



/ C.i 



H(J) = / C,(J) 

i=l 



The mean count of zero crossings is given by; 

DM 



KAV = 



H(J) 



DM 



J=1 



where DM = Int^^S defined before. 
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Calculations 

To test if the frequency- count of zero crossings in the time 
cell exceeds the theoretically expected value the following method is used 

(see GUILFORD p. 237, formula 11.7). 

Assuming that the freo^uencies of occurrence of zero-crossings, 

H(J), are uniformely distributed over the range 1^ Int<[^V3'^ and 

assuTning that HAV is a reasonable approximation to the expected value of the 

2 

frequency of occurrence for all J, then the ratio 2.(H(J) - HAV) /HAV is 
distributed as a chi-square one degree of freedom. Por example for a 

99^^ confidence interval H(J) must therefore fall in the region 



For reasons of convenience and as the folD-OV/ing strategy for latency 



which may in addition be modified to explore the most suitable thresholds 
of decision, an exceedance array shall be defined as follov;s: 



for peak identification. Follovdng this, the array H(j) vrill be reanalysed 



HAV - {“'31 *V< HAV < H(J)< HAV -H 3.31 HAV . 



identification is based on tests for exceedances of at least tv/o levels 



For J = 1,2, 

EXZRO(J) = +95 



T«4- fM/Ql 





Tho resulting array EXZRO vail be used in the follovang strategy 



using a different confidence interval.. This implies substitution of and 
B 2 for A1 and B1 in the exceedance calculations above, Tne values for Al, 
A2, B1 and B2 are to be specified by one control card in the beginning of 
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the program. 



Typical values are: 

A1 - 1.92 and B1 = 3.31 
A2 = 1.7 B2 - 3.00 



corrcsDonding to the 99 and 95?-' levels 
corresponding to the 97 and 93^ levels. 



5 • 0 Strategy for Latency Ident ific ation 

The foUo’^ng 7 rules describe the strategy of significant latency 
identification as described by Dr. J. Ertl. It may be noticed that a latency 
is the time displacement of a certain significant peak of the Average Evoked 
Response (AER) from the instance of the stimiaus. The exceedances referred 
to in the fo3.1ovriLng rules are the events of statistically significant 
occurrences of zero crossings v/ith negative slopes. 

Rule l) If the exceedance is +99%, then the event is the latency ox the 
’ largest maximum preceeding the +99^ event but follovring the last 
preceeding ^95% ov -99% event. 

2) If the exceedance is -99%, then the event is the latency ox the 
largest inaxl.mum following this -99% event but preceding the next 
+9^% or -J'99^ event. 

3) If the exceedance of +95^ is immediately followed by another +9^% 



exceedance, then it Vvdll be treated as a +99%^ exceedance. 

4) If the exceedance of —95% ^s immediately follovred by anocher —9j/^ 
exceedance, then it vfill be treated as a -99%> exceedance, 

5) If the exceedance of +95% follows an exceedance of -95% then the 
event is the latency of the largest maxiPAum. following the ~95^ 
exceedance. 

6) Adjacent exceedances of v/eight 99% are considered to be the same 
event . 

7) The latency must be greater than 15 imllli seconds from the origin 
of the average evoked response. 



liO 




Fig. 1 and 2 are the flov/~charts of the proposed program 

I 

implementation of this strategy. From this flow-ohart the follovdng 3 
essential rules emerge: 



RULE 1: 



RULE 2: 



RULE 3; 



If the exceedance is +99^, then the event is the latency of the 
largest value of the AER preceding the H'99/' exceedance but either 
follovdng the last preceding negative exceedance of -95 or -99% 
or the 15 millisecond latency whichever occurs latest. 

If the exceedance is i'95^ sind if the exceedance ^iust follov/ing 
this is also +95^ or +99p, then the event is identified as per 



RULE 1. 

If the exceedance is +95^ i^ there has been a preceding 
negative exceedance of “95 or —99% that occurred after the last 



positive exceedance or after the 3.5 mi-lliseconds latency tdiichcv^i 
occurs latest, then the event is the latency o.t the largest value 
of AER preceding this +95^ exceedance but follovdng the last 

negative exceedance of ~95 or -99/'* 



In order to be more general, the follovdng flow-charts use LI and 
L2^ rather than 95 and 99?’* 
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SUBH0UT3NK IilVHIT 1 (KX, A. 1, M. IRIal, IK1.2> 110.3, AT) 







T_r’“7:tT‘~r^ f -li^ or - 12 % — : 

V KX(J) > 0 j Cl JJ O.ST = J 



TBfHT 






■U^ }<JX(J)>100 



F 



\ 



12 % (i.o. 990) 



-rEx(jHa)>io}~~^ 1 

| 

Ll% and Llf^ — ^ 



or 

hl^o and L2 



r^ 

n 



T(^BR >0 

Ll^ after 
~L2^ or 



CALL 




CALL 




IMDX(A,cRlLST,J,JMX 


) 


IBDX(A,JM.ST,J,JI!X; 




r 




IRI.1 (J?3C) 




IRL2 (JMX) = 




IRLl(JMX) + 1 




IRL2(JMX) + 1 





CALL 
IFDX(A,JNXST, 



IRL3 (JMX) = 
IRL3(JI"<) + 1 






SUB .OUTT!.''i lUBX (A, JMST, J, .Jill 




FIG. 2 
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SUBKOUTli:.';: ViTV.Cl (iPiLl, JR].2, L, !•!, DFI.T) 




FIG. 3 



hk 



o 

ERIC 



TR3(J) 



PKINT-OUT FO:a*!\T, TABUi I 



) 



FJRST LEm 



LATENCY 


M. SEC. 


RULE 1 


RULE 2 


RULE 3 


TOTAL 


El 


32. 


1 


0 


0 


1 


E2 


4^« 


0 


1 


0 


1 


E3 


102. 


2 


0 


1 


3 


E4 


160. 


1 


0 


0 


1 


E5 


244 • 


0 


0 


1 


1 




(F3.0) 


(12) 


(12) 


(12) 


(-T2) 


SECOND LEVEL etc. 




^ ^ Hoquix’CiT.entg 



The print~out of results for the FHAS2 IV C pro 3 ram consists of 
tvfo sections. The first consists of a header identical to that specified 
in the PHASE IV A program, vdth the exception of the last two lines containing 
infoi'mation on calculations that are no longer executed here. There are 






only tv;o variables that should be printed instead. These are the irEAM CK 
OF ZiiUO CR. and the MoAH OF AV. EV. RE'SPS. corresponding to HAV as specified 



by 4.3 and XAVAV as specified by 4.2 above. 

The second print-out consists of the results from the peak- 
identification strategy. An example is given in TABLE I. 



The print-out of the variables is executed by the subprogram 

LATMCl. This program is flov^-charted in Fig. 3 and scans the arrays IRLl to 

( 

JRL3 for non-zero values. If a non-zero value is detected, the subprogram 
computes the "latency" as E(l) = (j - 1/2). 4 T and also remembers the 
index J for which a non-zero value in the IRL arrays occurred by substituting 
IE(J) - J. 



I = 1,2, 



The print-out, as shown in TA0I.E I, is therefore as follo*ws: .For 
...5, J = IE(I) and 



"LATENCY" . 


"K.SiiC." 


"RULE 1" 


"RULE 2" 


"RULE 3" 


"El" 


E(I) 


IRI..1(J) 


IRL2(J) 


IFiL3(j) 



"TOTAL" 

Ir0_.l(j) + TRL2(J) 
+ IRL3(J) 



• 0 Siurraary of Tropxau Sequence 
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Appendix J ] J 



Specime n Gor. p uic*r Roc-rloivb of Annlyr:od A SP Pita 



VISUAL EVOKED RESPOUSE EEG ANALYSIS, TYPE. A, 



TDEMTJFICATION CODE 



2.1 



MEAN OF AV. EV. 



FiESPS, 



-71A52E-01, MEAN CNT. OF ZERO CR. = 0.3071AE-F02 



FIRST LEVEL 



LATEi'JCY 


M.SEC 


RUli^: 1 


RULE 2 


El 


33. 


1 


0 


E2 


93. 


5 


0 


E3 


1S3. 


2 


0 


E4 


0. 


0 


0 


E5 


0. 


0 


0 



RULE 3 

0 

0 

0 

0 

0 



TOTAL 



rH CV O O 



